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FOREWORD 


This  program  la  being  conducted  under  Contract 
F04611-67 -C-0068  (Project  ?148)  by  FMC  Corporation,  Princeton, 
New  Jersey,  for  the  Air  Force  Rocket  Propulsion  Laboratory, 
Edwards  Air  Force  Base,  California.  The  engineering  teats 
will  be  carried  out  under  a  subcontract  by  Walter  Kldde  and 
Company,  Belleville,  New  Jersey.  Lt.  Ralph  Pargnoll, 
USAP/RPCL,  la  the  program  monitor  for  the  Air  Force. 

These  Investigations  were  carried  out  between  February 
and  April,  1967  and  the  report  submitted  In  May,  1967. 

The  program  was  administered  by  Dr.  L.  R.  Darbee,  Project 
Director  for  PMC,  with  Dr.  T.  C.  F.  Munday  as  principal 
Investigator.  Mr.  J.  C.  McCormick  served  as  rocket  engineer 
and  general  consultant. 

This  report  Is  classified  Confidential  according  to  DD 
Form  254,  Security  Requirements  Check  List,  dated 
19  December  1966. 

Classified  information  has  been  extracted  from 
asterisked  documents  listed  under  References. 

Publication  of  this  report  does  not  constitute  Air 
Force  approval  of  the  report's  findings  or  conclusions. 

It  la  published  only  for  the  exchange  and  stimulation  of 

Ideas . 


WILLIAM  H.  EBELKE,  Colonel,  USAF 
Chief,  Propellant  Division 
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CONFIDENTIAL  ABSTRACT 


Complex  oxides  containing  barium,  manganese,  lead,  and 
cobalt  have  been  prepared  and  tested  as  decompoaition 
catalysts  for  905^  HgOa.  Twenty  selected  compoaltions  from 
the  BaO-MngOa-PbO  and  BaO-Mn304-rbO  systems  were  mixed  and 
compressed  at  33,000  psi  into  7/16"  diameter  pellets. 

These  were  then  heated  to  temperatures  up  to  lOOO'C.  The 
pellets  were  tested  for  catalytic  activity  by  a  standard 
flood  test  with  10  ml.  of  9856  HaOa*  Compositions  low  in 
PbO  and  high  in  MnaOa  or  Mn304  exhibited  the  best  combination 
of  catalytic  activity  and  resistance  to  leaching  or 
mechanical  breakdown.  Several  additional  compositions 
containing  C03O4  also  showed  high  catalytic  activity  and 
good  mechanical  strength.  Catalyst  materials  and  a 
modified  40  pound  thi*uat  motor  were  prepared  for  the  motor 
teat  program.  The  new  motor  la  designed  to  permit  temperature 
measurements  within  the  catalyst  pack. 
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INTRCD’-CTIOIJ 


The  catalytic  decompotjltlon  of  SQ'Ji  hydrogen  peroxide 
for  propulsion  system  applications  has  been  limited  by  the 
lack  of  suitable  catalysts.  In  contrast,  HgOa  has  seen 
widespread  use  mainly  because  systems  employing  silver 
screens  as  the  decomposition  catalyst  have  worked  so 
effectively.  These  silver  catalysts  have  not  been  used  with 
98^  Ha02  because  they  melt  at  the  decomposition  temperature 
of  98^  Ha02,  which  la  some  J75“P  higher  than  that  for  905C 

HaOa. 


Recent  investigations  (1,2, 3, 4)  have  lead  to  a  catalyst 
pack  for  98^  HaOa  which  is  suitable  for  many  applioatlona . 
Thlo  pack  is  baaed  on  a  3llver-305t  palladium  catalyst  which 
does  not  irialt  when  used  with  9856  H20a.  The  catalvst  has 
performed  well  at  flowrates  up  to  110  pounds  of  985^  H202 
per  minute  per  square  inch  of  catalyst  frontal  area,  and 
at  chamber  pressures  above  150O  psla. 

However,  the  cold  starting  capability  of  the  pack 
declined  as  additional  operating  time  was  acoumulated. 

This  did  not  affect  performance  during  subsequent  parts  of 
a  run  when  the  pack  was  hot,  and  the  start  response  of  the 
heated  catalyst  pack  also  remained  rapid.  Thus  the  pack 
la  presently  useful  for  applications  which  can  use  a  pro¬ 
gramed  start  or  require  few  cold  starts. 

The  current  program  was  planned  to  develop  new 
catalyst  materials  and  to  further  characterize  and  improve 
the  existing  catalyst  pack.  During  the  previous  contract 
several  materials  were  designated  as  the  best  possibilities 
for  the  development  of  new  catalysts  which  would  have  both 
thermal  stability  and  rapid  starting  response.  Theae 
included  complex  oxides  containing  manganese,  cobalt,  lead, 
and  barium  and  alloys  containing  mangane-se  and  cobalt. 
Further  studies  were  required  t.p  determine  the  best 
compositions  and  to  incorporate  these  into  forma  useful 
for  catalyst  packs. 

Three  areas  of  further  study  with  the  exlatlng  catalyst 
pack  were  planned.  Since  the  start  response  of  the  heated 
catalyst  pack  remained  rapid,  some  method  of  heating  the 
pack  before  initial  contact  with  H202  to  avoid  "cold" 
starts  could  be  used,  Therefoi’e,  a  part  of  the  program  was 
to  measure  the  temperature  to  which  the  pack  must  be  heated 
for  consistently  good  atart.c. 
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For  some  applications  of  tho  catalyst,  It  may  be 
desirable  to  use  H2O2  to  which  stabilisers  have  been  added. 
However,  studios  with  90?^  HaOa  and  silver  catalysts  have 
shown  that  many  stabilisers  cause  plugging  or  poisoning 
of  the  catalyst.  Thus  another  objective  was  to  determine 
the  effect  of  stabilisers  on  the  performance  of  the  e.\isting 
pack  when  used  with  96%  HaOa . 

Laatly,  the  program  included  investigation  of  the 
reduction  of  pressure  drop  across  tha  pack  by  the  use  of 
catalyst  screens  with  larger  open  area. 


2 


SECTION  T.I 

LABORATORY  INVESTIGATION  OP  CATALYST  MATERIALS 


1.  COMPLEX  OXIDE  CATALYSTS 
a .  Previous  Studies 


During  the  previous  contract  (1),  catalysts  containing 
manganese,  cobalt,  lead,  and  barium  oxides  were  prepared 
and  tested  with  98^  HaOa.  The  oxides  were  used  primarily 
as  components  of  coatings  applied  to  Iner-t  support  screens. 
Both  the  Individual  oxides  and  various  combinations  of  the 
oxides  were  investigated.  The  screen  coatings  were  not 
sufficiently  adherent  to  the  support  screens  for  practical 
motor  applications  unless  non-catalytlc  components  which 
could  serve  as  binders  were  included' in  the  coating.  Of 
several  blnder.s  used,  boric  oxide  appeared  best. 

The  catalytic  activity  of  these  materials  was 
sometimes  as  high  or  higher  than  that  obtained  with  the 
silver  or  3ilver-30^  palladium  catalyst  screens.  However, 
the  same  approximate  compositions  often  had  very  low  activity. 
Therefore,  further  Investigation  of  these  complex  oxide 
materials  was  needed.  It  was  suggested  that  the  activity 
of  the  complex  oxides  varied  with  composition.  '  Since  the 
particular  phase  produced  was  probably  also  a  #’anctlon  of 
the  firing  temperature,  this  variable  required  examination 
as  well. 


b.  Experimental 

Reagent  grade  BaO,  PbO,  MnOg,  Mn( C2H30a )2,  and 
Co(N0o ja ’bHaO  were  used  as  starting  materials.  The  oxides 
MnaOa,  tlnaO*,  and  00304  were  prepared  by  thermal  decomposition 
of  MnOa  and  Co(N03)a '^HaO.  The  MnOa  was  heated  at  TOO'C 
for  15  minutes  to  produce  MnaOs  and  at  1000"  for  15  minutes 
to  prepare  MnaO*.  Powder  x-ray  diffraction  patterns  verified 
the  formation  of  the  lower  manganese  oxides.  The  transition 
from  MnaOs  to  Mn304  was  also  shown  by  weight  loss  measurements. 
Decomposition  of  the  cobalt  nitrate  was  carried  out  by  heat¬ 
ing  to  1000"C.  Platinum  or  porcelain  crucibles  were  used 
as  containers  for  the  decompositions. 

Pellets  were  prepared  from  the  appropriate  oxides 
weighed  out  in  selected  proportions.  Two  gram  samples  of 
the  oxides  were  thoroughly  mixed  and  then  compressed  to 
7/16"  diameter  pellets  on  a  laboratory  bench  press.  A 
compression  of  35,000  pal  was  used. 
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The  resulting  pellets  were  fired  in  a  resistance 
furnace  which  was  proportionally  controlled.  Initially  the 
pellets  were  placed  directly  in  the  furnace  which  was  already 
at  lOOO'^C.  Since  a  large  percentage  of  the  compositions  of 
interest  melted  or  flowed  when  heated  so  rapidly,  a 
procedure  of  slow  heating  was  adopted.  This  Involved  raising 
the  temperature  in  SO"*  increments  from  700  to  1000°C,  with 
a  5  minute  hold-time  at  eacn  temperature  level.  In  this  way 
sufficient  time  was  allowed  for  reaction  of  the  components 
and  for  the  decomposition  gas  (mainly  oxygen)  to  be 
expelled  from  the  pellet.  By  this  method  cohesive  pellets 
were  produced. 

The  pellets  were  teated  for  catalytic  activity  by 
the  standard  decomposition  test  with  10  ml.  of  98^  Ha02. 

This  test  Involves  adding  the  catalyst  to  the  HaOa  and 
measuring  the  time  required  for  complete  decomposition  of 
the  H2O2  to  dryness.  Additional  characteristics  such  as 
starting  activity  and  residues  left  after  the  H202  decomposition, 
were  also  noted.  Since  many  materials  have  previously  been 
checked  by  this  test,  a  good  measure  of  the  relative 
activity  of  the  catalyst  was  obtained. 

c .  Results 


Pellets  were  prepared  from  various  combinations  of 
Mri203,  Mn30.i„  MnCOa,  BaO,  PbO,  and  CoaO*.  Since  combinations 
of  manganese, ’«barlum,  and  lead  oxides  had  previously  shown 
good  activity,  Initial  efforts  were  concentrated  on  a 
systematic  study  of  the  BaO-MnaOa-PbO  and  Ba0-Mn304 -PbO 
systems.  Other  combinations  were  chosen  primarily  to 
Indicate  which  general  compositions  merited  further  v'ork. 

( 1 )  The  BaO-MngOa-FbO  System 

Compositions  were  selected  to  give  a  general 
picture  of  the  variation  of  catalytic  activity  and  physical 
strength  with  composition,  so  that  additional  effort  could 
be  concentrated  in  promising  sections  of  the  system.  Details 
concerning  the  preparation  and  testing  are  shown  in  Table  T. 

In  some  cases  where  the  pellet  disintegrated  or  melted  and 
decomposed,  the  resultant  material  was  ground  and  recompressed 
to  form  a  new  pellet.  Slow  heating  of  the  pellets  resulted 
in  greater  strength,  probably  because  more  time  was  allowed 
for  decomposition  gases  to  escape.  Repeated  activity  tests 
were  carried  out  for  those  pellets  which  showed  high  activity 
and  at  least  some  cohesive  strength. 

Cataly.et  pellets  for  use  in  a  motor  would  probably  be 
1/8"  in  diameter.  Pellets  of  this  size  prepared  from  ccbalt 
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metal  and  manganese  dioxide  were  successfully  tested  In  the 
previous  program.  However,  as  with  the  silver-30^  palladium 
catalyst  packs,  motor  start-up  with  these  metal-oxide 
pellets  was  slow.  Activity  tests  on  the  individual  pellets 
showed  decomposition  rates  of  about  0.5  ml. /min.,  with 
extremely  poor  starting  activity.  In  the  current  program, 
a  1/8"  diameter  pellet  of  Sample  5  composition  was  prepared 
and  tested  for  comparison.  A  decomposition  rate  of  5  ml/mln. 
was  measured.  The  starting  re.sponse  was  not  as  rapid  as 
new  sllver-JOJt  palladium  screens,  but  much  better  tn.an 
either  the  cobalt  metal-manganese  oxide  pellets  or  used 
silver-palladium  screens. 

Approximately  2  to  3  catalyst  pellets  of  1/8" 
diameter  can  be  included  in  a  catalyst  pack  in  place  of 
each  catalyst  screen.  New  catalyst  screens 
^llver-30?!  palladium)  exhibit  decomposition  rates  up  to 
30  ml. /min.,  but  after  several  minutes  of  motor  operation, 
rates  are  usually  0.5  ml. /min.  or  even  lower.  Therefore, 
the  BaO-MnaOa-PbO  pellets  appear  to  show  catalytic 
activities  which  are  high  enough  for  good  motor  performance. 

Most  of  these  BaO-MnaOa-PbO  pellets  showed  a 
decline  in  activity  with  repeated  testing.  This  decline 
was  not  evident  for  Samples  2,  3,  B,  and  9  when  they  were 
heated  to  motor  operation  temperatures  (950“C),  cooled, 
and  then  retested.  Further  such  t'-jsts  are  now  required  to 
fihow  whether  the  high  temperatures  of  motor  operation  will 
continue  to  activate  the  pellets  for  subsequent  cold  starts. 

The  catalytic  eotivitiea  for  various  compositions 
of  BaO-MnaOa-PbO  pellets  are  shown  in  Figure  1,  The  rates 
of  decomposition  are  given  in  milliliters  of  985^  HaOa 
decomposed  per  minute.  All  results  refer  to  data  for  the 
first  decomposition  tests  after  the  pellets  had  been  heated 
to  1000"C  and  cooled. 

The  resistance  of  the  pellets  to  erosion, 
leaching,  or  disintegration  is  important  for  successful 
operation  in  catalyst  packs.  As  shown  in  Figure  1  and 
Table  I,  a  residue  was  often  left  after  the  decomposition 
tests.  Compositions  containing  large  percentages  of  MnaOa 
and  low  percenragee  of  FbO  (Samples  6-9)  tended  not  to 
leave  residues.  Theue  four  pellets  are  indicated  to  the 
lower-right  section  of  Figure  1.  Semple  6  (with  a  decom¬ 
position  rate  of  51  ml/mln.)  had  the  best  physical  strength. 

Powder  X-ray  diffraction  patterns  were  made 
for  Samples  7 -A  and  10.  These  indicated  that  about  50?^ 
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Figure  1 

Rates  of  Decomposition  of  98^  HaOg  by  BaO-MrigOa -PbO 
Catalyst  Pellets 


Decomposition  rates  are  given  In  ml/mln.  for  pellets 
tested  in  10  ml.  of  985^  H208  Initially  at  20"C.  Teats  used 
7/16”  diameter  pellets  which  had  been  heated  to  1000*C  and 
then  cooled.  Compositions  are  on  a  molar  basis. 
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of  the  MriaOs  in  those  pellets  was  unreacted.  Similar 
determinations  are  likely  to  show  that  more  complete 
reaction  has  occurred  for  samples  heated  to  1000°.  If 
not,  some  advantage  in  strength  or  catalytic  activity  may 
be  produced  by  grinding,  repelletlzlng,  and  heat  treating 
the  material  until  reaction  Is  complete. 

Of  the  pellets  containing  higher  fractions  of 
PbO,  Samples  2  and  3  exhibited  good  hardness.  Though  some 
fractures  ware  produced  during  heat  treatment  of  these 
samples,  further  fracturing  did  not  occur  during  testing. 
However,  In  each  case  a  brown  residue  remained  after  testing, 
Indicating  that  lead  and  manganese  o.xldes  were  leached 
from  the  pellet  during  the  testa. 

(2)  Tbe  Ba0-Mna04-Pb0  System 

The  compositions  prepared  and  the  results 
obtained  are  shown  In  Table  II.  Like  the  previous  system, 
the  best  overall  compositions  were  those  low  In  PbO  and 
high  In  the  manganese  oxide  as  shown  In  Figure  2.  The 
catalytic  activity  of  these  samples  fluctuated.  The 
pellet  with  the  best  physical  strength  had  a  decomposition 
rate  of  only  9  ml. /min.  The  other  compositions  showed 
higher  activities  but  would  be  more  subject  to  erosion 
under  motor  operating  conditions.  Reheating  of  the  pellets 
to  motor  operation  temperatures  between  repated  tests  has 
not  yet  been  tried,  but  more  consistent  high  activities 
will  probably  be  produced  by  this  method. 

Pellets  containing  larger  percentages  of  PbO 
wore  again  very  hard  (Samples  1-5).  Samples  1  and  3  loft 
a  residue  after  testing,  but  the  others  showed  good 
resistance  to  leaching  or  mechanical  breakdown. 

The  extent  of  reaction  between  the  components 
was  measured  by  x-ray  diffraction  patterns  for  Samples 
7 -A,  9-A,  and  10.  The  patterns  Indicated  essentially 
complete  reaction  of  the  Mn304  for  Samples  7-A  and  9-A. 
Approximately  half  of  the  Mn304  was  unreacted  In  Sample 
10. 

(3)  Alternative  Systems 

The  compositions  and  test  results  for  additional 
complex  oxides  are  given  in  Table  III.  A  oooslderetlon  of 
the  physical  strength  as  Indicated  by  1)  the  condition  after 
heating  and  2)  the  residue  after  activity  testing  shows  that 
Samples  3  and  5  are  good  catalyst  candidates.  Sample  5 
showed  the  greatest  abrasion  resistance  of  any  composition 
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Fie;ure  2 

Rates  of  Decomposition  of  98'.^  HrrOg  by  BaO-Mn-'O-t -PbO 
Catalyst  Pellets 


Decomposition  rates  arc  given  in  ml./*tln.  for  pellets 
tested  In  10  ml.  of  98^5  HaOj  Initially  at  20®C.  Tests  used 
7/16"  diameter  pellets  which  had  been  heated  to  1000®C  and 
then  cooled.  Compositions  are  on  a  molar  basis. 
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tested.  Repeated  tests  of  these  samples  should  be  carried 
out.  Testing  of  various  compositions  In  these  systems  may 
lead  to  other  possibilities.  The  Samples  1  and  4  also  rate 
well  above  the  remaining  compositions. 

The  other  samples  shown  In  Table  III  are  clearly 
unsuitable  in  their  present  form.  Some  of  these  compositions 
which  are  very  active  could  be  of  interest  if  binders  were 
added.  However,  it  Is  likely  that  the  high  activity  was 
due  to  the  large  amounts  of  catalyst  surface  exposed  when 
the  pellets  oroke  apart. 

2.  LABORATORY  PROORAM 


The  laboratory  program  will  include  continued  Investigation 
of  complex  oxide  catalysts  containing  barium,  manganese,  lead 
and  cobalt.  In  addition,  T'oya  containing  manganese  and 
cobalt  will  be  examined  fo  atalytlc  aotlvity  and  thermal 
stability.  Development  woi-k  wl.ll  then  proceed  on  incorporating 
the  beat  of  the  complex  oxides  and/or  alloys  into  forma  which 
are  appropriate  for  catalyst  packs  used  in  rocket  motors. 
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SECTION  III 
ROCKET  MOTOR  TESTS 


Motor  tests  for  the  evaluation  of  new 
further  characterization  and  improvement 

catalyst  are  being  carried  out  under  subcontract  with  the 
Walter  Kidde  and  Company  of  Belleville,  New  Jersey. 

1.  MOTOR  AND  CATALYST  SCREEvlINQ  TES^ 

Motor  tests  were  planned  for  the  eval^atlona  required 
in  the  four  objectives  of  the  program,  ^^hese  are  the 
standardization  of  the  modified  test 

of  preaaure  drop  across  the  existing  catalyst  pack,  the 
determination  of  catalyse  response  with 

and  the  motor  screening  of  the  beat  new  catalyst  materials 
developed  in  the  laboratory  studies. 

a.  Modified  Thrust  Motor 

Results  obtained  during  the  previous  program  showed 
the  value  of  temperature  measurements  made  at 
iSSaJliSI  within  the  tatalyet  pack 

For  two  sections  of  the  current  program,  the  f^esulated 
tamoerature  start  tests  and  the  stabilized  HaOa 
mMMurements  wore  clearly  warranted.  Therefore,  it  was 
decided  to  use  a  motor  equipped  for  temperature  measurements 
for  all  motor  tests. 

A  basic  40-pound  thrust  motor  design  was  modified 

as  shown  in  Figure  3.  The  body  of  the  motor  was  fabricated 

from,  2-lnch  hexagonal  347  stainless  steel  stock  ® 

diameter  cavity  for  the  catalyst  pack.  A 

thermocouple  porta  bwSlnr 

cavity.  These  ports  entered  au  1/8  intervals  beg^ning 

1/8"  below  the  inlet  plate  and  ending  7^  down 
naok.  The  porta  were  arranged  around  the  circumference  of 
the  pack  to  minimize  interference  with  HaOa  flow  jjy 
sector  of  the  pack.  Two  additional  ports 

temperature  and  pressure  measurements  in  the  chamber  and  one 
for  presBure  measurement  Just  ahead  of  the  pack  inlet. 

The  motor  was  provided  with  a  cavltatlng  venturi 
to  control  the  flow  at  20  pounds  of  HgOa  po^  minute  per 
aauare  inch  of  cross  sectional  area  of  catalyst,  a 
corresponding  exhaust  nozzle  was  selected  to  give  about 
a  300  psi  chamber  pressure.  The  retainer  plate  was  construe 
from  inconel  for  extra  high  temperature  strength.  The 
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remaining  parts  except  for  the  copper  gasket?  re  stainless 
steel.  Cylindrical  sleeves  of  1  inch  diame’  l/lb" 
thickness,  and  various  lengths  were  fabrica  :o  take  up 
the  excess  space  wnen  short  catalyst  packs  are  used. 

b.  Catalyst  Preparation 

The  8llver-3056  palladium  20  and  l6  mesh  catalyst 
screens  wore  treated  prior  to  use  according  to  the  procedure 
listed  below. 

A.  Preparation  of  Screen 

1.  The  screen  was  degreased  In  a  vapor 
degreaaer  containing  porohloroethylene . 

2.  The  screen  was  then  sandblasted  with  a 
5^  grit  aluminum  oxide  at  60-60  psi. 

B.  Aoid  Treatment  of  Screen 

1.  A  1"  square  piece  of  20  mesh,  0.014  mil, 

10%  kg-30%  Pd  alloy,  wire  screen  was 
dropped  into  500  eo  concentrated  nitric 
aoid  and  allowed  to  dissolve.  The  sand¬ 
blasted  screen  was  dipped  into  the  nitrio 
acid  solution  containing  the  dissolved 
screen  and  moved  about  in  the  liquid  for 
approximately  30  seconds.  It  was  then 
removed  and  allowed  to  drain  as  thoroughly 
as  possible. 

2.  The  screen  was  than  placed  in  the  oven  at 

a  temperature  of  400®P  for  20  minutes;  upon 
its  removal  the  screen  was  quite  dark  and 
rather  heavily  coated.  It  was  then  dipped 
a  second  time  following  the  same  procedure 
as  above  and  again  heated  for  20  minutes 
at  400*P. 

C.  Samarium  Nitrate  Treatment  of  Scree.. 

1.  The  screen  was  next  immersed  into  a  solution 
of  20?^  by  weight  of  samarium  nitrate  until 
thoroughly  wet,  removed  from  the  solution 
and  allowed  to  drain  thoroughly. 

2.  The  material  was  then  heated  for  20  minutes 
for  720® P,  Thlo  procedure  was  repeated  until 
seven  (7)  clips  and  seven  (7)  heatings  had  been 
oompleted . 
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3.  Gince  some  areas  of  the  screen  openings 
were  gonerally  blocked,  the  screen  was 
brushed  with  a  stiff  brush. 

The  .silver  catalyst  saroenn  to  be  used  In  this 
program  were  also  cleaned,  sandblasted,  acid  treated,  and 
coated  with  samarium  oxide.  The  nickel -5/^  mangane.se 
filler  screens  will  be  used  without  further  treatment. 

Both  treated  catalyst  screens  and  untreated  filler  screens 
were  punched  to  one  inch  diameter  discs  for  use  in  the  motor. 

c .  Catalyst  Packing 

The  first  step  in  loading  the  motor  with  catalyst 
screens  was  to  place  the  retainer  plate  inside  the  motor 
flat  against  the  lip  at  the  bottom  of  the  catalyst  cavity. 
Next  the  catalyst  screens  were  added  one-by-ono  on  top  of 
the  retainer  plate .  Each  screen  was  rotated  somewhat  from 
the  orientation  of  the  previous  screen  to  provide  a  uniform 
distribution  of  catalyst  within  the  ca’^tridge.  After  one- 
third  of  the  screens  had  been  loaded,  a  4"  long,  l"  diameter 
packing  ram  was  inserted  in  the  cartridge  and  che  screens 
were  compressed  to  4000  psl  on  a  laboratory  bench  pres.^. 

The  ram  was  removed  and  additional  screens  were  added.  The 
pack  was  again  compressed  to  4000  psl  after  2/'!>  of  the 
screens  had  been  loaded  into  the  cartridge,  After  all  the 
screens  were  loaded,  the  antl-ohannel  baffle  and  injection 
plate  were  placed  above  the  catalyst  screens.  Then  while 
the  pack  was  compressed  to  4000  psl  with  a  packing  ram  only 
1/2“  in  diameter,  the  snap  ring  was  inserted  into  the  slot 
Just  inside  the  front  of  the  catalyst  chamber. 

d.  Catalyst  Pack  Configuration 

The  catalyst  configuration  for  the  motor  .standard¬ 
ization  tost  was  selected  to  match  closely  with  the  best 
configuration  tested  under  the  previous  contract.  The  inlet 
section  contained  15  silver  catalyst  screens  of  20  mesh. 

These  were  followed  by  58  3llver-50‘;6  palladium  screens  uf 
20  mesh  and  32  nlckel-5SS  manganese  screens  of  14  mesh.  The 
total  length  of  the  pack  was  1  3/8  inches. 

e.  Motor  Standardization 


The  initial  motor  checkout  will  provide  reference 
data  for  comparison  with  other  testa  in  both  the  current 
and  previous  programs.  It  will  also  be  used  to  check  the 
calibration  of  the  venturi  for  use  in  the  remaining  tests. 
This  will  insure  at  the  outset  that  the  motor  itself  Is 
not  the  cause  of  effects  which  might  later  be  attributed 
to  the  catalysts. 
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2.  MOTOR  TEST  PROGRAM 


The  motor  testing  after  the  Initial  s i^andardization 
will  consist  of  three  basic  types  of  test  procedures.  The 
first  will  be  identical  to  that  used  for  the  standardization 
and  for  the  initial  screening  tests  of  the  previous  program. 
The  results  can,  therefore,  be  compared  directly  with  earlier 
results.  These  tests  will  be  performed  to  measure  the 
effect  of  larger  open  area  catalyst  screens  and  to  evaluate 
new  catalyst  materials  derived  from  the  laboratory  investi¬ 
gations.  The  second  and  third  teat  procedures  are  designed 
especially  to  teat  starting  at  regulated  temperatures  and 
performance  with  stabilized  HaOa. 
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SECTION  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 


Catalytic  activity  tests  show  that  catalyst  pellets 
containing  various  combinations  of  barium,  lead,  manganese, 
and  cobalt  oxides  exhibit  high  activity.  In  the  BaO-NjiaOa- 
PbO  and  Ba0-Mn304 -PbO  systems  the  best  resistance  to  leaching 
and  erosion  occurs  for  compositions  low  in  PbO  and  high 
in  the  manganese  oxide.  Greater  physical  strength  resulted 
when  the  samples  were  initially  heated  slowly  to  1000®C. 

Tests  also  indicate  that  catalytic  activity  for  cold 
starts  la  enhanced  by  subjecting  the  samples  to  high  temper¬ 
atures  such  as  those  present  during  motor  operation. 

Of  other  combinations  tested,  samples  containing  equi¬ 
molar  amounts  of  BaO,  MnaOs,  and  C03O4  or  BaO,  PbO,  and  C03O4 
were  the  best  candidates  for  good  catalysts.  The  latter 
composition  exhibited  the. greatest  abrasion  resistance. 
Samples  prepared  from  BaO,  Mn304  and  C03O4  or  BaO  and  MnCOa 
are  also  of  further  interest. 

Additional  testing  is  recommended  for  both  the  best 
barium-manganese -lead  complex  oxides  tested  to  date  s.nd  for 
closely  related  compositions  which  contain  the  same 
components.  The  effect  on  catalytic  activity  and  mechanical 
strength  of  repeated  exposure  to  high  temperatures  and 
extended  oontaot  with  Ha02  should  be  determined.  Further 
study  of  complex  oxides  containing  cobalt  is  required. 

The  best  oxides  should  then  be  modified  as  required  to 
produce  catalysts  suitable  for  motor  tests. 
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